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In this talk we would like to present recent calculations of the cross sections for the ultra- 
high energy neutrinos interacting with nucleons. We briefly present the framework of unifed 
BFKL/DGLAP equations which resums all the leading log(l/2;) effects as well as the sub- 
leading terms. The few free parameters which specify the input parton distributions are 
determined by fitting to HERA deep inelastic data. We then use these parton distributions 
to calculate the cross section for the vN interactions at very high energies, up to lO^'^ GeV. 
We do also investigate the attenuation of neutrinos when traversing through the Earth. We 
use the transport equation which we solve for different fluxes of high energy neutrinos (Active 
Galactic Nucleai, Gamma Ray Bursts, and top-down models). We study the effects of the 
regeneration of the neutrino flux via neutral current interaction. 

The ultrahigh energy neutrinos of energies reaching 10^^ GeV can interact very strongly 
with nucleons. This implies that they can be very strongly attenuated by the matter in Earth. 
Therefore the exact and detailed knowledge of the value of the neutrino-nucleon cross sections 
plays a vital role for the observations of high energy cosmic rays in experiments like Amanda, 
Nestor, Pierre Auger Cosmic Ray observatory. These cross sections require the knowledge of 
parton distributions at small values of Bjorken x. Normaly these distributions are determined by 
the HERA and fixed target data on deep inelastic scattering and they follow standard DGLAP 
evolution. However in the region of ultrahigh energies one probes very small values of the Bjorken 
X parameter, down to x 10~^ or so. This raises the question whether the log(l/x) effects could 
play an important role. The BFKL equationS performs such resummation up to NLO. However 
it also poses some problems because the exact solution for the hard pomeron intercept occurs to 
be unstable. In order to calculate the parton distributions inside the nucleon we shall use here 
the framework of unifed BFKL/DGLAP evolution equations^ which treats leading log(Q^) and 
log(l/2;) terms on equal footing. It also resums a major part of the subleading effects in 1/x 
leading to a stable solution for a pomeron intercept, yet of a much lower value than the leading 
one. The basic quantity here is the unintegrated gluon distribution function f{x,k'^) which is 
connected to the standard integrated one via following relation: 

xg{x,Q^) = J -^f{x,k') (1) 

Here A;^ is the value of gluon momentum at the end of the ladder. The observable structure 
functions are calculated via so called high energy factorisation theorem: 

Fix,Q') = 1^1 ^F'"^^z,k^Q')f{x/z,k') (2) 



where F^°^{z,k'^,Q'^) is the partonic cross section for the 57* qq process. Using these two 
prescriptions we can write the unifed BFKL/DGLAP equations in the following symbolic way, 

f{x, k"^) and k"^) are the gluon and the singlet quark distribution, the two unknown func- 
tions. /^''^ and S^*^-* are two input distributions which we parametrise. In the first equation 
above we have included BFKL part which is denoted as K^^^^ and the DGLAP part: the 
splitting functions Pgg and Pgq. The —1 means here that we have to subtract the leading term 
in 1/z which is already included in the BFKL part. Second equation includes the high energy 
factorisation and also the remaining DGLAP part in Pqq function. ® means the convolution 
in both k"^ and z whereas ®z denotes the convolution only in z variable. The BFKL part is 
in principle in leading order but it also contains very important subleading effects which are 
brought by imposition of the consistency constraint. This constraint comes from the fact that 
the virtuality of the momenta of the exchanged gluons are dominated by their transverse parts. 
The resulting structure function F2 is fitted to the data from HERA by changing available free 
parameters in f^^^ and S^^^. Using these resulting parton distributions we are able to calculate 
the cross section for the interaction of neutrino with the nucleon via neutral and charged current 
interactions. These results are presented in Fig.l where we have plotted the cross section up 
to energies 

10^2 GeV. This result is very close to the other predictions based on GRVu and 
CTEQ4M§ partons. We can thus conclude that the difference in extrapolating the cross sections 
is less than it might have been expected previously. We see also, that the cross section grows 
very fast therefore we expect that the interactions with matter in Earth can be very important. 
To study this we use the transport equationB of the following form, 

= -a^o.{E)mr) + / J:!^ d-^o{E',y) 
OT J I — y ay 

where (Ttot = ^cc + (^NC and where y is, as usual, the fractional energy loss such that 

The variable r is the number density of nucleons n integrated along a path of length z through 
the Earth 

dz'n{z'). (6) 





The number density n{z) is defined as n{z) = Nap{z) where p{z) is the density of Earth along 
the neutrino path length z and Na is the Avogadro number. We have solved this equation for 
a variety of initial fluxes Iq{E) = I{E,t) coming from Active Galactic Nucleai Gamma Ray 
bursts and top-down models. The results for three different models of AGN fluxes ifl'i are com- 
pared on Fig. |2| with the atmospheric background. They are plotted as function of energy for 
different nadir angles (i.e. angle between the normal to the Earth's surface and the direction of 
the neutrino beam incident into the detector. We observe that the attenuation of neutrinos is 
important for neutrinos with very high energies > 10^ GeV or so. We have also found that the 
effect of the neutrino regeneration via neutral current interaction (second term in eq. (Q) ) plays 
an important role for the flat spectra of energies and large paths. This phenomenon is caused by 
the fact that the neutrinos at certain energies are regenerated via neutral current interactions 
at lower energies. This effect can be as high as 50 % for the fluxes from AGN. 




E„ [GeV] 



Figure 1: The total vN cross section together with its charged current and neutral current components as a 

function of the laboratory neutrino energy. 

To sum up we have demonstrated that a framework which incorporates QCD expectations 
at low X, including the BFKL effects with the resummation of the non-leading ln(l/x) terms, 
gives neutrino cross sections which are compatible with those obtained within the NLO DGLAP 
framework. This strongly limits potential ambiguities in the possible values of the cross sections 
extrapolated from the HERA domain to the region of x and which can be probed in ultrahigh 
energy neutrino interactions. Due to large values of these cross sections the attenuation effects 
reduce the fluxes of ultrahigh energy neutrinos particularly at small nadir angles. Nevertheless 
there is a window for the observation of AGN by km'^ underground detectors of the energetic 
decay muons. We have found that the AGN flux exceeds the atmospheric neutrino background 
for neutrinos energies E > 10^ GeV. Typical results are shown in Fig. |2|. These illustrate the 
possibility of observing AGN at various nadir angles by "neutrino astronomy" . 
The details of the calculation as well as results for the other fluxes are given in 
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